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SUMMARY

This report  presents  the  resul ts  of a bench t es t  program conducted
to eva lua te  a cand idate  seal which  was a proposed rep lacement  f o r
the 206-040—111—7 seal used on the OH-58A main input d r i v e s h a f t ,
206—0 4 0— 100 . The purpose of the seal is to provid e lubr icant  re—
tention in the geared couplings and exclude ex t e rna l  con tamina t ion.

Fou r cand idate seals , part  number 720405 manufac tu red  by Ch icago
Rawhide M a n u f a c t u r i n g  Company, were installed on two 206-040— 100
d r i v e s h a f t  assembl ies  and tes ted on the  204—0 4 8— 0 17 regenera t ive
d r i v e s h a f t  tes t  stand , BHC R & D Lab. The two driveshaft assem-
blies were run for 150 hours in a dense dust atmosphere , while
transmitting normal engine power.

Afte r  128 .5 hours , a trace of coupling lubricant was observed on
the external surface of one of the cand idate seals. Subsequent
investigation revealed a small hole in the  seal e las tomer .  The
test was continued to 150 hours with the above candidate  seal re-
placed by the 206-040-111—7 seal (production type).

At the conclusion of 150 hours of bench testing , it was de te rm ined
tha t a ho le had been generated in one of the three remain ing can-
didate seals , 720405 , which had continued to run after previous
replacement of the first 720405 candidate seal at 128.5 hours.

Final inspection showed all components of the driveshaft assem-
blies to be in satisfactory condition despite the occurrence of a
hole in two of the candidate seals , one at 128.5 hours and the
other at 150 hours. Each candida t e sea l prov ided ade q ua t e con-
tamination exclusion and no coupling degradation occurred.

Based on the satisfactory condition of the couplings and lubricant
after the 150—hour  bench t es t  and the  acce le ra ted  wear  env i ronment
imposed by the dense dust atmosphere , it was concluded that the
candidate seals had performed adequately.

Two add i t iona l  Chicago Rawhide seals , 720405 , were subsequently
run during a ground endurance test of an 0H58A (not a part of
P.I.P. 69—16) for 120 hours with satisfactory results. FAA certi- -]
fication of the 720405 seals was obtained based on the ground en-
durance test.
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INTRODUCT ION

This report presents the results of Product Improvement Task 69—16
wherein a bench test evaluation was conducted on a proposed im-
proved elastomeric seal installed on the OH—58A main input drive-
shaft. The purpose of the new seal was to provide improved resis-
tance to deterioration due to atmospheric elements and to increase
the operating temperature range above that of the existing 206-.
040—111-7 seal.

An evaluation of four candidate materials was made in BHC Trans-
mission Process Laboratory , Reference I, which consisted of a
series of high temperature emersion tests in synthetic oils and
coupling greases. The selection of Chicago Rawhide Sirvene 406103
material was made based on superior retention of mechanical prop-
erties exh ibited during the evaluation . A subsequent bench test
of 150 hours duration was made in BHC R & D Laboratory on 204-048-
017 driveshaft test stand using four seals manufactured by Ch icago
Rawhide to part number 720405. The bench tes t  was conducted under
extreme environmental  dus t  conditions with the  periodic app lica-
tion of SAE J-726A sand into the seal cavity . Oscillatory torque ,
axial chucking, and osci l la tory angular  misalignment were also im-
posed on the driveshafts during the test.

V
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DISCUSS ION

TEST STAND DESCRIPTION

The 204—048—017 driveshaft test stand , Figur e 1, is a regenerative
torque test machine consisting of a drive motor , two paralle l
gearboxes , two driveshaft assemblies (test section), and a torquin~device. The application of torque to the two driveshaft assemblies
(Figure 2) is accomplished by generating relative twist of two con-
centric shafts by the torquing device , which is a rotating helical
ramp and follower arrangement . A hydraulic cylinder is used to
load the follower against the helical ramps . The gearboxes , one
stationary and one movable , provide a 1-1 ratio between the test
shafts and are driven by the electric drive motor through the
stationary gearbox. The movable gearbox can be articulated to im-
pose axial chucking and oscillatory misalignment to the driveshaft
couplings. The test stand is capable of generating 14,000 inch -
pounds of torque and 7500 rpm in the test driveshaft assemblies.

TEST PROCEDURE

The bench test of the proposed improved OH-58A driveshaft grease
seals was run for a duration of 150 hours under the following con-
ditions :

Speed 6400 RPM

Torque 3100 Steady ± 2000 Osc. In.-Lbs

Driveshaft Misalignment 2 1/4° Steady ~ 3/4° Osc.

Axial Motion .090 Inches Osc.

Oscillatory Frequ ency 10 CPS

The two driveshafts used in the test were assembled according to
BHC drawing 206-040-100 with the exception of the two prototype
seals , Figure 3 , installed on each shaft assembly in place of the
206-040-111—7 seals , Figure 4. Two and one-half grams of test
sand (SAE J-726A) were deposited between the elastomer and the
cone of each seal assembly at the start of the test and at every
25—hou r in t e rva l .  At one-hour in t e rva l s  the  s u r f a c e  t e m p e r a t u r e s
of the 206-040-108-5 female couplings were measured by touch
pyrometer and the driveshafts were visually inspected for signs
of grease leakage.

TEST COMPONENT DESCRI PTION

The proposed improved seal consists of an elastomer (Chicago
Rawhide Sirvene 406103) impregnated cloth (nomex tricot) bonded to
an a luminum ring and suppo r t ed  r a d i a l ly by an a luminum cone ,
Figure 3. The new seal is physically and functionally inter—
changeable with the 206-040—111-7 seal presently used on the 206-
040-100 driveshaft assembly.
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Figure 1. Regenerative Driveshaft Test Stand , 204—048—017.

~~~~

Figu re 2. Test Driveshaft Assemblies , ~06—040—1O0 .
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INSTRUMENTATION

Instrumentation used in this test consisted of the  fo l lowing:

1. Recording oscillograph , CEC Model 5-l24A (BHC S/N FB2466) . to
read strain gage outpu t monitoring driveshaft torque.

2. Tachometer—Stroboscope , Model 832 Tachl i te , to monitor drive—
shaft speed.

3. Dial indicators to determ ine driveshaft misalignment angle.

4. Touch pyrometer , Model 269 Pyrometer Instrument Company
(S/N 63—2600) to monitor coupling temperature .

All instruments utilized in this program were calibrated in BHC
Standards and Calibration Lab in accordance with manufacturer ’s
requirements. -

RESULTS OF TESTING

Aftc~ L28.5 hours testing , grease was visible on the external sur-
face .~~~~ the No. 3 test seal , Figure 5. The driveshaft containin g
this seal was removed from the test stand for partial disassembl y
and inspection . A small hole was found in the seal elastomer ,
Figure 6. A standard 206-040—111-7 seal assembly was installed as
a replacement for continuation of the test with two and one-half
grams of test sand added to the replacement seal only.

Upon completion of the 150—hour test , both driveshaft assemblies
were removed from the test stand for disassembl y and inspection .
A very slight amount of grease was visible on the external surface
of the No. l test seal and a minute hole was found in the elasto—
mer , Figure 7. Figure 8 shows typical wear on the inner face of
the aluminum cone of the seal assembly at the end of the test.

Candidate Test
720405 Time , Hrs. Discrepancy

1 150 Small hole
(Fi gure 7)

2 150 None

3 128.5 Small hole
(Fi gure  6)

4 150 None

TABLE — Bench Test Uistorv

-- ~~~~~~~~~ -~~~~~~~~~~~
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CONCLUSIONS

The elastomer—lubricant compatability test (Reference 1) showed
improved resistance of the new seal to deterioration in synthetic
lubricants and coupling lubricants compared to the 206—040-111-7
seal. The 150-hour bench test showed excellent life in the dense
dust atmosphere and the seal provided adequate protection for the
geared couplings and coupling lubricant in spite of the develop-
ment of a hole in each of two of the seals during the bench test.

A ground run of 120 hours duration was made on an OH-58A subsequent
to the bench test run with the proposed seals installed on the main
driveshaft. Coupling overheating occurred at some time during the
ground run at which time the coupling grease deteriorated . How-
ever , the improved seal showed no signs of deteriorating (Reference
2) due to the overheating condition and was considered satisfactory
for additional operation at the conclusion of the ground run.

V
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RECOMM ENDATION S

Based on the elastomer-lubricant compatability test , the 150-hour
bench test and the l20-hour ground run , it is recommended that the
improved seal manufactured by Chicago Rawhide Company , P/N 720405
to BHC P/N 206-040—l38-l , be accepted as a replacement for the
206-040—111—7 seal.

1 4

V
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5,
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IN TR ODUC TI ON

Presented  herein are the resul ts  o~ tests  to de termine  the
change  in th~ properties of the inout driveshaft grease seal
elastomer compounds resulting from immersion in synthetic oils
and g reases . This e l a s t o m e r -lu b ric a t i o n  c o mp a t a b il i t y  t e s t
was conducted per Reference 1..

The following four temperatures were selected for immersion
tests :

1.. 250 ±5°F (121.11. ±2.77°C)

2. 225 ~5°F (1.07.22 12.77°C)

3. 200 ±5°F (93.33 42.77°C) 
-

Li. 1.75 ±5°F (79 . ti Li 4:2.77 °C)

The e las tomer  specimens were immersed in the lubricants to a
maximum of 30 days .

Three elastomers in two confi guration s (Table I) and four
lubricants (Table II) were tested at the above temperatures .

RES ULTS

The results  of the changes in properties of the grease  seal
elastomers from immersion in the lubricants are given in Tables
III through XVIII. The hardness , volume change , and weight
change results are an average of two soecimens , excePt where
noted . The t e n s i l e  and e l o ng a ti o n  r e s u l t s  r eor e s e n t  one speci-
m en.
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SUMMARY - -

Examina t ion  of the test  results  ind ica te  the following general-
concl usions:

1.. None of the elastomers tested withstood 30 days in the
greases at 250°F.

2. The m a t e r i a l s  i d e n t i f i e d  as “C’t and “F” (Sirveri e L i 06L03 )
showed less change in prop er t ies  in Andero l. L-786 and in
Syn-Tech 39l3-G than the other elastomers at a L t  t empera-
tures .

3. The MIL-L-7808 and MIL-L-23699 oils caused greater change
• in properties than did the AncIerol. L-786 and Syn-Tech

39l3-G greases .

14~ Material “A” (J8L122_13 , Type 3) showed tess change in
properties than material “D” in all the lubricants at all

• temperatures , although they are the same elastomers .

5. Material ‘t B ’t ( J 8 L 4 2 2 _ l 3 , Type 1.) showed less c h a n g e  in
properties than material ITEIT in the greases , and more
change in the oils , even though they are the same elas-
tocners (reference .Table I).

DISCUSSION A~’D REC0~ MENDATI0 N S

The Chicago Rawhide  S i rvene  L106 103 e l a s t o m e r  showed less over-
all change in properties in the greases than the Lord J8L422_13 ,
Type I and 3, elastomers , and is worthy of further testing in
test stand o p e r a t i o n s .

Syn -Tech 3913-G grease shows to be more comoatible with the
eLastomers at the lower temoeratures and should be given a
more extensive evaluation .

It is recom’nended that the pre)grarn be continued to locate
improved grease seal. elastomers.

-- - —- -- - -- a—-
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APPARATUS AND TES T MET~ OD -

Samole Preparation

The hardness and volume change soecimens from the elastomers
identified as ‘A” , “B’ , and “C” were sectioned in approxima tel y
equa l portions from the boots. The tensile specimens, which
had to be modified due to size, measured 0.25 inch wide by 1.75
inches long by 0.085 inch thick.

Samples for hardness and volume change tests from “D” and “E”
materials were prepared to measure aporoximatelv 1.0 inch by
2.0 inches by 0.085 inch. The tensile soecimen s were orepared
using an ASTM D-~ l2-5lT, Type C , die.

Specimens of “F” elastomer were fu rn i shed  in the pre-cut  condi-
tion .

Volume change specimens were also used for weight change tests.

Each sample was tagged for identification .

Immersion Procedure

The specimens were placed in glass beakers .  The specified
- - lubricant was added to comoletely cover the soecimen and then

heated to the specified test temperatures.

At the end of each t e s t  per iod the samp les  which were im m er s e d
in the oils were rerno;’ed , p laced in fresh oils at room tempcra-
ture for 30 minutes , then removed , quickly rinsed in acetone .
blotted with paper towels and sub j ec t ed  to the respective tests .

The samples in the grease were rernoved , cooled at root temr’era-
ture for 30 minutes , quickl y rinsed in nantha , hlotted with
paper towels ~nd subjected to the respec:~ ve tests.

Test Procedure

Meagurenents were made before immersion ~n each test ~ :-d~~ e~ d
imm ediatel y after each period of ~xn o s~~~~-e .  T h e  n c r I o s of
exposure at the test temperat~~res (250 , 225. 20 and 175 ~5F )were 3 , 7, 1.5 and ‘O days.

The test sp~cimen s used for hardness ar~ ~~~r tests were u!~ d
for all ex:~os~:rc per c~ s , ‘..h each spec~~ en h :~~- c  retur :~t -

• the r e sn 1~ ti~~e oven a:-d mc’~~~a ~o o ~~~n~ ~:s me 5.~rem~1:-t s a f t ~~r
each period of expos :rc. r e s t  measurc :~ ts w~- :e conducted us
f ollows :

p .

- 
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Volume - Change in volume was determined in accordance with
the procedure under Method 6211 of the Federa l Test Method
Standard No. 601 , R e f e r e n c e  ~~

Hardness - Initial hardness and hardness after immersion
were measured with a Rex A durometer , in accordance with
the procedure described under Method 302]. of the Federa l

- . Test Method Standard No. 601 , Reference ~~~~.

TensiLe Strength ~nd Elon~ at i on - Tensile strength and
elongation of orig inal soecimens and soecimen s after im-
mersion at 3, 7, 15 and 30 days were d e t e r m i n e d  in accord-
ance with the procedure described under Method 6121 of the
Federal Test Method Standard No. 601 , Reference ~4 . Tests
were performed using a Scott tensile testing machine.

Wei~ ht - Initial weight and change in weight after imnersion
were determined in accordance with the procedure described
under Method 625]. of the Federal Test Method S t a n d a r d  No.
601, Refe rence  ~4 .

S
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TABLE I

IDENTIFICATION OF EL.~STOMERS

Ma t er ial Ma n u f a c t u r er ’s
Desic~nation Source Designation Composition

A Lord Mfg . Co. J8L122_13 , Type 3 Urethane
205_OLIO_ 176_ l
Conf i g u r a ti o n

• B Lord Mfg. Co. J8L22_l3 , Type 1 Urethane
2 0 5_ OL I O _ l 7 6 _ l
Confi g u r a t i o n

C Chicago Rawhide Si rvene  1406 1014 1406 103
Mfg. 205_OLIO_ l76_ l Elastouner

Con f i guration

D Lord Mfg. Co. J81422_1.3 . Tyoe 3 Urethane
Slab M a t e r i a l

• . C o n f i g u r a t i o n

E Lord Mfg . Co.  J8 1422- l3, Type 1 Urethane
— Slab Material

Co nf i g u r a t i o n

F Chicago Rawhide Sirvene 1406103 1406103
Mfg . Slab Material Elastomer

Con fi guration

C 
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TABL E II

IDEN TIFICATION OF LUB RI CAN TS 1

• • Sample M a n u f a c t u r e r ’s
Des i.~ na ti on M a n u f a c t urer  Des ign a t ion Specification

1. Lehigh Chemical Anderol L-786 20 14-0 140-755-3

2 Syn-Tech Mfg . Syn-Tech 3913-C

3 Shell Oil Aeroshell  500 MTI L-L-23699

4 Stauffer ChemicaL MIL-L-7808

C
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Report No. 206—097-010

BELL HELICOPTER COMPANY

Inter—Office Memo -

October 29 , 1971
81;RDW:dc-83 1

Memo to: Mr. C. Sloan

Copies to: Messrs. F. Carison , M. Gill , C. Harvey, M. Kawa ,
N. Mackenzie , F. Schroder , ECF

Subject: POST-RUN IN SPE CTION OFs- 206A-l/0H58A (SHIP  ~ 3)
. GROUND WiN ~3 -

Reference: (a) 1014 81:RDW:dc—986, September 13, 1971

(b) IOM 81:RDW:dc—667 , February 2 , 1971

- (c) 1014 81:RDW :dc—782, August 31, 1971

Post ground run inspection of the main inp~it d r ive  sh ;i~ t and
tail rotor drive installation on 206A— i/OH5SA s’n ip  3 h as bccn
completed. Disassembly of the  tail rotor drive ass~~Ch1y was
acco m pl :~shed at Plant  6 in the presence of Messrs. YcC s-~h ;~i~
and Wh it f or d of FAA . A visual inspection of t he  lo~s-~ dr i ve
sha f t  and hanger bearing assemblies on the  2O 6_ 04 O_ 3O L~._ 9
(TDEO 206 }IA— 50) was conducted . All rubber collars wer~ prop —
erly bonded to the s h a f t , no bearing spinnin~s-s- hs - ;( i  O C C U L ’ )~~~ a ,

and all bearings were in s a t i s f ac to ry  condit ion . The 2O6_ 0 .i~0~
3QL~~~~~ll fan sha f t  assemb ly was also disassembled and visually
inspected. All components were satisfactory.

Disassembly and visual inspection of ti-se 206~ 0140~ 100 ( 2 0~~dA-
80—I) main drive shaft assembly and 206_040_1400 (2O A3~~— .L )
900 gea rbox was accompl ish ed at P lan t 5A , again in the  p Cac s-
of Messrs. McGeehan and Whitford of FAA.

The main drive shaft assembly had been assembled \-‘~~ th  i~a~~~’~ s-
Rawhide  boots , P/N 720405 , 3fl( 1 t i t anium ( I r i v 5 - C  s b a t t  , ::0. s-~~\ t - ~~~:’— ~~ .

All details were in sa t ia  f ac t o r y  condit ion d es p i .t:e ~-. ;i

ove rheat ed  cou~)l ing on one end . O v e r he at  iu~~ wa -; eV ~~s - ; -.- ) l C C ~ -d b y
d iscoloration of male and f u t ~a le couplin y;s and ; chaa~ e in  C v~~s - —

s ist.ency of the  C OUpL -~C~ ’s- ~~ ‘~ -~is e  . The d ri ve  s h a f t  a3 ; ; - .~ - C . h lV ~c~a;
installed for  evaluat ion onl y ,  since qual if icat ion ‘~ a~ ; not re-
quired. No distress was noted.

- - -——~~~~~~~~~~~~~~~~~~~~~~~~~-- -~~~~- _ _ _ _ _ _ _ _
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Page 40
Report  N o .  206— 097-0 1.0

Page 2
October 29 , 1971
81:RDW:dc—83].

It is noted that the 206—040—304—9 drive shaft assembly ( sub-
assembly of —304-7 production install configuration) was modi-
fied as follows: 

-

~/N Installed P/N Replaced

20611.A— 14 6—l Collar 206—040— 315- 1 Collar 
-

(Made from 206-040—350— 1)

206HA—4 7-l  Shield (New
additional Parts) (Made -

from 206—040—349-i) -

206HA—9—l Bearing 206-040—339—5 Bearing

2061LA—5—l Hanger 206—040—344—5 h anger
206-040—351—1 Spacer Assembly
206—040—352-1 Spring

Also , the  206-0140-304—il  fan sha ft  assembly ( sub—a ssembl y of
— 30 4— 7 production install configuration) was modi .f led as folio -a-; :

P/N Installed P/N Rep laced

206— 061 -432 — 5 Blower

206F.A—2703— 1 Sha f t  206—0 140—320 — 9 Sha f t

206 11A-8—3 Spacer 206 — 04 0—3 4 6— 9 Hanger
20 6HA—7 —1 Hanger Assembly
2 06—040— 3 52 -I  Spring 

-

206 1-IA— 9— l Bearing 206 — 04 0—339—5 Bear in g

2061LA—8 —5 Spacer 206_O40_3L~5_9 Uztn gcr
206 Jr A—6 s - — l IbtiLge r Assembly
206—0 14-0—352- 1 Spring

2061-IA—9—l Bearing 
- 

206—040—339—5 Bear in~

Aith Ough the  2O ( L’~~4 G l  collars and 2 0 ( P A — g 7  —l ~d ~ : ~ds pe r~~or~~ - ~i
sat ls~ ac-t or i ly  and are cons id ~-rcd  qual i fied  , no m i l . t an’ p s - o d a c —

- tion of those p ar  Ia ; is s - ad  icipat ed.  Onl y the  2O6—c - -O— 3~~J— 5bea r ings s-5l (I 06—040~~~4 1 4 5  , 206— 04 0 -~~~4 5— 9  , .C) ~~d 20 ( OcO 3~~S s -~~)
a ss  e:abi i e~- s- s - i r e propo:  - 1-d  fo r  LI :.lit s - a v  p~-o ba- -: on.

206—0(1.—432—l blower and 2U~ E-\— ’~703—l sba~ t were insta~~1ed f or
evaluat ion.
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Report No. 206—097-01.0

Page 3
October 29 , 1971
81:RDW:dc—83I

Disassembly of the 90 0 gearbox revealed p i t t ing  in the spiral
bevel gear teeth , and the 2 06 — 040 — 408 dup lex b ear in~’ was rough .
Magnet ic  p ar t icl - ’s had collected on the ch ip d e t e c t or bu t  not
in s uf f i c i e n t  q uan t i t y  to ac tiva te  ti-se chip de tec tor l i gh t .
Th i.s was t l ;e  t h i rd  ] .00—h our t iedowrs run fo r  t h is  ecarbo :-: , and
t h e onl y p a ’ t t hat  was installed ~or q ual i f i cat i o n  was t h -  206—
040s-.~~~~09 roller  bearing (~s-:RC 2 O 6 _ 2 Y !-~._l I ) .  The input and outpu t
sh a ft  seals , 525900 and 525894 , made by Chicago Ra ’s--:b icl e , and
the output  cap, 20 6 11A—22—l , were instal led fo r  eva lua t ion. These
parts , including t h e -.409 roller bearing, were in sa tis  fa c t ory
condition and suitable for further operation. An oil .analysis
was maci c by %Jearche ck Inc.,  and it was detc~ mined tha t  chr ot . ;c
and iron levels in the  oil were noticeably hi gh , bu t o t h e r w i se
o .k . This was consistent  with the condition of the  bevel  gears
and the  —408 bearing.  -

A dimensional  in succ t ion  of the details listed in reference (a)
has been accoap l i shed  and all par ts  ~-~erc found to be w I t h in U~ - s - - f

rep lacement limits .

Based on the satisfactory visual conditloas and di ;i~cn ; . i onal  in-
spection of t~ie  co ;iponents of t h -  ts-~i.1 rotor drive ins~~a ll .C~~~c s - s-
after ground run #3 , the  fol low ing r econ ;nenda t  ions art-

1. Incorporate MRC as qual i f ied source for  206 — 04 0-409 — 1 roller
bearing .

2. Replace present  206—0 4 0—30 4— 1 dr ive  sh a f t  in st a l lat ion  ~.?ith
the 206—040—304—7 tail rotor drive shaft installation (per
TDEO 20611A—50).

~~~~~ 

~~~~t /~~~~ ~
‘
.—
~~~
-/

R. D. \J..lber
Transmission  1)cs1 g~; Group 
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